Synopsis
The role of the pineal gland in inducing and maintaining the persistent estrus of rats exposed to continuous illumination was examined. Under the cyclic illumination, the pinealectomy or sham-operation revealed no effect on the estrous cycle, although weights of the ovaries, adrenals and hypophysis were slightly but definitely greater in the pinealectomized animals. In rats exposed to the continuous illumination immediately after pinealectomy or sham-operation, both groups exhibited the persistent estrous states soon after the change of lighting condition. In these rats, neither the degree of persistent estrus nor the organ weights at autopsy showed any significant difference between the groups. Moreover, the pinealectomy could not alter the incidence of estrous phases in persistent estrous rats which had been established already by the continuous illumination.
The pineal gland is an organ with the circadian rhythms (Quay, 1963 , 1964a and b, Klein and Weller, 1970 . Moreover, it has been well confirmed that the pineal circadian rhythms are changeable by lighting conditions (Snyder et al., 1965 , Wurtman et al., 1967 . For example, animals exposed to continuous illumination lose their pineal rhythms and the pineal organs are significantly smaller than those of the controls under cyclic illumination (Fiske et al., 1960) .
Besides, the fact that the continuous illumination disrupts the estrous cycle and induces the persistent estrus in rats has been repeatedly confirmed (Browman, 1937 , Hemmingsen and Krarup, 1937 , Fiske, 1941 , Dempsey and Searles, 1943 , Jochle, 1956 , Maekawa, 1959 , Takahashi and Suzuki, 1969 , Honma et al., 1972 , Takeo et al., 1974 .
In our laboratory, mechanism involved in light-induced persistent estrus has been studied (Maekawa, 1959 , Honma et al., 1972 , Takeo et al., 1974 . The investigations dealt with the present paper were undertaken to ascertain whether the pineal gland is an indispensable organ on the inducement of persistent estrus by continuous illumination.
Materials and Methods
The young adult female rats of the Wistar strain bred in our laboratory were used. All rats were housed in stainless steel wire cages and in airconditioned rooms. Laboratory chow was fed ad libitum and water was available at all times. The intensity of illumination in the cages was maintained 500 to 600 lux throughout the experimental period.
The 37 female rats showing 4-days sexual cycle were divided into 3 groups of 11 to 14 animals. The rats of each group were subjected to pinealectomy or sham-operation at 100 or 180 days of age. Pinealectomy was performed under ether anesthesia by a method similar to Hoffman and Reiter's technique (1965) .
Vaginal smears were taken every day at approximately the same time (9:30-11:30 A.M.) beginning from 20 days before operation.
As shown in Figs. 1 and 2, the method of Maekawa (1956) is used for the expression of vaginal smear records the thin baseline of the figures corresponds to non-estrous stages which contain proestrus, metaestrus and diestrus and the thick top to perfect estrus.
Group 1 (Fig. 1 ) housed under cyclic illumination of which 6 rats were subjected to pinealectomy and the other to sham-operation. These rats were operated at 100 days of age and successively placed under the same light condition after the operation.
Group 2 consisted of 14 rats, of which 8 rats were subjected to pinealectomy and other rats to sham-operation. These rats were operated at 100 days of age and simultaneously transferred under continuously illuminated condition. The animals of group 3 (Fig. 2) were exposed to continuous illumination from about 80 days of age for 180 days. These rats which revealed completely persistent estrous state were subjected to pinealectomy or sham-operation at about 180 days of age and autopsied at about 260 days of age.
At autopsy, the cranium was opened and checked macroscopically for completeness of pinealectomy. Then, the ovaries, uteri, hypophysis and adrenals 
Results
In the group I revealed normal estrous cycle before operation, both sham-operated and pinealectomized animals maintained their normal estrous cycle throughout the experimental period except the first one cycle just after the operation (Fig. 1) .
In the rats of group 2 with normal estrous cycle before operation, sham-operation and pinealectomy, though exhibited irregular cycle for a while, caused and maintained typical persistent estrus as long as the continuous illumination was continued. In this experiment, the initial day of more than seven days successive vaginal estrus for the and adrenals. The uterine weight was greater in pinealectomized than in shamoperated rats, though the difference was not significant. In rats of group 2, on the contrary, significant difference was not observed.
Ovarian histology, in rats of group 1, exhibited a normal appearance in states of the corpora lutea, follicles and stroma. No significant difference was found in the microscopical structure between control and experimental groups. The ovaries in rats of group 2 which was exposed to continuous illumination after operation for long time became somewhat inferior to those of group 1 in luteinization.
The operation, however, brought about no apparent difference between control and experimental animals. The ovaries in rats of group 3 which was housed under continuous illumination for longer time were more inferior in luteinization and tended to become follicular as shown by Honma et al.(1972) .
Discussion
Since Heubner (1898) noticed first the relation between the pineal gland and the reproductive function, many investigators have dealt with this problem.
The first paper that pinealectomy in the immature rats causes a significant increase of gonadal weights was presented by Izawa (1926) . Following this, it has been frequently reported that the pinealectomy resulted in the gonadal hypertrophy in rats (Simonnet et al., 1951, Kitay; 1954; Wurtman et al., 1959; Motta et al., 1967) . On the contrary, some investigators such as Kurosawa (1955) , Kageyama (1955) and Bick et al.(1969) have reported no effect of pinealectomy on the sexual organs.
On the vaginal estrus, Ifft (1962) has reported as a short paper that the pinealectomy has no apparent effect on the reduction of occurrence of diestrus in lightinduced prolonged estrous rats.
It was similarly found by Kincl and Benagiano (1967) that the neonatal removal of the pineal gland had no influence on the incidence of estrus. On the other hand, there was opposite result to these reports; Chu et al.(1964) who subjected immature rats to pinealectomy and two months later observed their vaginal smears, concluded that pinealectomy enhanced the incidence of estrus. In the experiments observing the cyclicity itself, De Vries (1972) reported that, in all successfully pinealectomized young adult rats, their normal estrous cycles were recovered within 1.5-2 weeks after the operation. In the Sprague-Dawley rats, the pinealectomy altered a ratio of 4-to 5-day estrous cycles (Hoffmann, 1973) . The spontaneous cycle length of the SpragueDawley rats, however, is comparatively unsettled to 4-or 5-day type. Wistar rats used in the present experiments, on the contrary, reveal definitely 4-day cycle. Pinealectomy in our rats kept under daily cyclic illumination had no influence on the 4-day cycle itself. In this connection, it is worthy to note that neonatal pinealectomy in Wistar rats did not affect also to maintenance of postpuberal 4-day estrous cycle (Takeo et al., unpublished data) . Accordingly, this appears to suggest that the pineal circadian rhythm can not directly regulate the cyclicity of the sexual activities.
As mentioned above, continuous illumination was capable of inducing the persistent estrus as easy in pinealectomized rats as in sham-operated rats; it appeared no difference in the estrous rate between the rats received pinealectomy and sham-operation. However, in rats exposed to the continuous illumination, stimulatory effects of pinealectomy on reproductive organ weights which were observed in normally cyclic animals were not found. From these results, therefore, it is conceivable that the effects of the continuous illumination on the reproductive function are superior to those of the pineal.
The present data suggest that the persistent estrus may be induced by the direct action of continuous light stimulation from retina to hypothalamus via optic nerve regardless of presence of the pineal gland.
It is well known that the pineal gland has circadian rhythms (Quay, 1963, 1964a and b; Klein and Weller, 1970) . On the relation between pineal and gonadal cyclicities, an injection of the pineal extract produced diestrus in light-induced or aged persistent estrous rats, but had no influence on the regularity of the estrous cycle in adult animals (Meyer et al., 1961; Ifft, 1962) . Using melatonin itself, Chu et al. (1964) revealed that an increase in the incidence of estrus following pinealectomy was inhibited by melatonin injection. On the contrary, Ebels and Prop (1965) reported that daily injections of larger melatonin doses did not affect gonadal weights or estrous cycles. Takahashi et al.(1973) have reported that light-induced persistent estrous rats restored reproductive cyclicity by treatments with serotonin or its precursor. It is, however, no evidence that the endogenous pineal indoles regulate the estrous cycles, though it has been reported that estrogen would be connected with the biosynthesis of melatonin (Weiss and Crayton, 1970 ).
Our present experiment was studied only in the vaginal cyclicity under various lighting conditions. Since Maekawa (1959 and 1961) or Bradshaw and Critchlow (1966) have shown that sexual activities are considerably different among the kinds of persistent estrus, it seems to be desirable to test the effect of pinealectomy on the other kinds of persistent estrous rats, such as, received injections of sexogen in early neonatal life or received hypothalamic lesions. At present, there is little studies on the effect of the pineal in these presistently estrous animals.
It is thought to be notable, therefore, that pinealectomy could not decrease the incidence of estrous phases in rats which were neonatally treated with high dose of androgen (Reiter, 1969) .
